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CONFRONTED by the particular behavior of the 
single-phase induction motor, it is but natural 
that in order to familiarize ourselves with it, 

we should substitute for the direct, the indirect des
cription, and explain the single-phase motor by means 
of the better known polyphase performance. This 
indirect method originated by E. Arnold and F. Eich-
berg and recently modified by B. G. Lamme, looks upon 
the single-phase induction motor as a special case of 
the polyphase motor and considers it as a revolving 
field machine. 

Yet in the same manner as it has been found advis
able to abandon today the indirect method of describing 
heat phenomena by means of Black's heat substance, for 
the direct description through the more general prin
ciples of modern energetics, it may be preferable to 
abandon the explanation of the single-phase motor per
formance by the polyphase for a more direct method. 
Of the direct methods, the Qne originated by Potier 
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and G rges and further developed by V. Fynn, McAl
lister and others, carefully studies the action of the 
secondary rotating member in the production of a 
field at right angles in space and time phase' to the 
transformer field. 

Since the right angle field is generally called the speed 
field or cross flux, we can refer to the direct method as 
the ' 'cross-flux theory'' and to the indirect method as 
the "revolving-field theory." 

It is known that the circular current locus or circle 
diagram determines the performance of the induction 
motor with an accuracy well within the limits of the 
practical engineer's needs. The circle diagram is 
determined when the following three characteristic 
points are given: The no-load or synchronous speed 
current, the locked or short-circuit current and the 
infinite speed current points. Based on either the 
revolving-field theory or the cross-flux theory analy
tical expressions for the three characteristic current 
values can be obtained. It has been shown by E. 
Arnold that the characteristic current values are the 
same when calculated from the formula obtained by 
either method. 

V. Karapetoff has shown that the two equivalent 
diagrams of a single-phase induction motor can be 
converted into each other, or in other words that the 
two theories lead to the same performance of a motor 
with given design constants.1 

It follows that both methods, when carefully handled 
lead to the same current locus and, in consequence, 
to the same motor performance. 
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The revolving-field theory requires more expert 
handling and is apt to lead to results at variance with 
experiment unless very carefully interpreted. An 
instance of such misinterpretation is given below. 

The revolving-field theory assumes that a single 
phase alternating magnetic field 0 A (see Fig. 1) may 
be considered as made up of two fields 0 Di = 0 D2 = 

St s2 
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}4 0 A i of constant value and rotating at uniform speed 
in opposite directions. 

Consider on the basis of this theory, the e. m. fs. 
generated in the secondary of the slip-ring motor 
shown in Fig. 2, the primary winding Wx being con
nected to a single-phase line and the secondary W% 
being stationary and open circuited. For the sake of 

1. See August 1921 JOURNAL of the American Institute of 
Electrical Engineers, page 640. 

8 5 1 



8 5 2 LEBOVICI: INDUCTION MOTOR OPERATION Journal A. ±\ 3. E. 

better visualization, Fig. 3 has been drawn, showing the 
rotor core of sufficient length to accommodate the two 
oppositely revolving fields Dx and D2 of constant value. 
Applying the knowledge obtained from a familiarity 
with polyphase induction motors to the field Di we 
might expect that it would generate a system of 
balanced voltages in the secondary winding W2. 
Similarly the revolving flux D 2 would produce a system 

A 
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of balanced voltages in the same windings, W2. As re
sultant, we might expect a balanced voltage between 
slip rings Su S2 and Sz or otherwise zero voltage. 

Experiment as well as unbiased consideration of 
Fig. 2 will prove that the secondary voltages are neither 
zero nor balanced and that the effective voltages meas
ured between slip rings Su S2 and S 3 are dependent 
upon the relative position of the rotor with relation to 
the stator. 

FIG. 5 

The discrepancy is due to improper application of 
the revolving field theory and also shows the defect of 
the indirect method. 

At the instant shown in Fig. 4 and Fig. 5 the magnetic 
flux A, set up by the primary winding Wu is at its 
maximum value. According to Fig. 1, the two com
ponent fields Di and D2 each of half a value will 
coincide both in space (see Fig. 5) and time (see Fig. 4) 
value. Since in Fig. 5 at the instant considered the 
fields Di and D2 are both positive with respect to the 

rotor winding W2 arid rotating in opposite direction 
the instantaneous value of the e. m. fs. generated ; n 
W2 will be zero. 

A quarter of a period later the value of the flux A 
has decreased to zero and according to Fig. 1, the ro
tating fields Di and D2 will have the time and space 
values shown in Figs. 6 and 7. If D± is considered 
positive with respect to the rotor windings W2 the 
field D2 will have to be considered negative. As 
field Di is positive and traveling clockwise while the 
field D2 is negative and traveling counter clockwise 
the e. m. fs. generated in the windings W2 will add 
up along a vertical axis in Fig. 7. It is evident from 
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Fig. 7 that the generated e. m. fs. add between slip 
rings Si-S3 and S2-Sz but oppose each other between 
slip rings £ 1 and S2. This explains why the effective 
voltages measured between slip rings Si, S2 and S 3 

under the assumed conditions will be unbalanced. 
Proceeding by the direct method we would look 

upon Fig. 2 as a statjp transformer, having the sec
ondary open circuited, and since the various secondary 
phases are not in the same inductive relation with 
respect to the primary winding we would naturally 
expect unbalanced secondary voltages. 

In deriving the induction motor performance (poly
phase and single-phase motors alike) by means of the 
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revolving-field theory, we lost track of the important 
part played by the secondary leakage in the motor per
formance. The action of the secondary leakage in 
improving the power factor of all induction motors is 
not appreciated and the means for improving the 
power factor of induction motors by the use of phase 
advancers or the substitution of a commuted second
ary winding for the short-circuited rotor windings a*e 
not apparent. On the other hand when proceeding 
by the cross-flux theory, these phenomena are quite 
evident. This is one reason why the action of the 
polyphase induction motors (and of single-phase in
duction motors without and with commutators) 



Nov. 1921 LEBOVICI: INDUCTION MOTOR OPERATION 853 

should be studied by the direct method rather than in a 
roundabout way by means of the rotating-field theory. 

The only reason for deriving the single-phase motor 
performance from the polyphase instead of going back 
to fundamental laws as is done by the adherents of the 
cross-flux theory is the belief that the underlying poly
phase motor principles are so well understood. On 
the other hand it may be pointed out that before the 
polyphase induction motor is well understood a famili
arity with the principles of the static transformer action 
as well as of the direct-current motor action is nec
essary. Taking further into consideration that the 
revolving-field theory is abandoned when we begin to 
deal with the single-phase commutator motor and that 
the operation of any type of motor can be derived from 
fundamental principles without recourse to the re
volving-field theory, it would seem logical to derive 
the polyphase motor performance from fundamental 
principles without the use of the revolving-field theory. 

Considering that science in general and applied 
science have as a goal a greater economy of thought, 
it follows that of the two theories, the direct method 
covering a greater field of phenomena should be given 
preference in all cases. 

From a scientific as well as pedagogical point of 
view the writer believes that the direct method should 
be used in deriving the polyphase and single-phase 
motor performance and obviate the necessity of describ
ing the polyphase motor by the indirect method, then 
modify this method to suit the single phase induction 
motor and abandon it when we come to investigate the 
single-phase commutation motor. 2 

PLANT ADDITIONS BY SOUTHERN 
CALIFORNIA EDISON COMPANY 

During the past year, the Southern California 
Edison Company has made at three points additions 
to its hydroelectric plant system totaling 92,000 horse 
power. These additions consist in Kerri River number 
three plant rated at 40,000 horse power, a new 22,000-
horse power generator in Big Creek number two plant, 
and Big Creek number eight plant rated at 30,000 horse 
power. According to the Edison Company, the com
pletion of Big Creek number eight plant will remove 
all possibility of a power shortage this fall during the 
period when plants without storage are operating at 
reduced output due to low stream flow. The plant, 
which is located on the San Joaquin River at its junc
tion with Big Creek, was put into operation on August 
12, construction work on the building and in the in
stallation of apparatus normally requiring one year 
having been completed within three and one-half 
months. This is the first plant constructed on the 
Edison System and will probably be the first plant in 
the world to be put into operation utilizing transmission 

2. The application of the direct method to various types of 
motors has been shown in a series of articles entitled "Power 
and Torque in Electric Motors" published in The Electrical 
Review Chicago, dated Jan. 4, 1919 and subsequent numbers. 

electrical pressure as high as 220,000 volts. The Edison 
Company in conjunction with Professor Ryan of 
Leland Stanford University has been carrying on ex
tensive experiments with the purpose of perfecting 
its plans to convert the present Big Creek line from an 
operating electrical pressure of 150,000 volts to 220,000 
volts. It is probable that operation at the higher 
voltage will be accomplished during next year. In the 
meantime energy from Big Creek number eight plant 
will be transmitted at 150,000 volts. Transformer 
equipment for the power house was purchased so that 
it would be possible to operate temporarily at 150,000 
volts, and later on with the conversion of the Big 
Creek line to the higher electrical pressure to deliver 
the output from this plant at 220,000 volts. Increasing 
the voltage on the Big Creek lines from 150,000 to 
220,000 volts will double their capacity to transmit 
energy at a cost much below the duplication of another 
set of 150,000-volt transmission lines. Economy in 
transmission costs is the end to be accomplished by the 
conversion of the present Big Creek lines to the higher 
operating voltages. 

The California Railroad Commission has authorized 
the Southern California Edison Company to construct 
an additional plant in the Big Creek hydroelectric 
development, to be known as Big Creek power house 
number three. One hundred fifty thousand kilowatts 
capacity is planned for this power house. Two genera-
ing units of approximately 25,000 kilowatts each will 
first be installed. 

A forebay reservoir will be created by a diversion 
dam on the main San Joaquin River, diverting the 
waters to the power house intake through a tunnel 
23 feet in diameter and approximately six miles in 
length. The ultimate supply will be 500,000 acre-feet, 
at approximately 7000 feet elevation and 825 feet total 
effective head at the turbines. This enormous supply 
of water available for power purposes throughout the 
entire year will come from the combined capacity of 
Huntington Lake, Shaver Lake, the main San Joaquin 
River and a system of reservoirs to be constructed for 
conserving and delivering the waters of several smaller 
sources. 

One million barrels of fuel oil, the consumption of 
steam plants necessary to produce the equivalent 
amount of electrical energy, will be saved by an output 
from this power house of 204,000,000 kilowatt-hours of 
electricity during 1923. Less than five mills per kilo
watt-hour is the estimated cost of production of electric 
current by the initial development. This cost will be 
reduced by the ultimate development to slightly in 
excess of two mills, as compared with an average cost 
of seven mills per kilowatt-hour for steam-generated 
current. 

The first unit is planned for completion in April, 
1923, and the second unit in July of the same year. 
An expenditure of $11,500,000 will be required up to 
that tinie. The cost of the complete development is 
placed at $17,500,000. 


